Introduction
The beneficial effects of pulmonary rehabilitation (PR) in patients with advancedstage chronic obstructive pulmonary disease (COPD) are well established. 1 In most countries, PR is recommended for COPD patients with a dyspnea score of 2 on the modified Medical Research Council dyspnea scale (mMRC). [2] [3] [4] [5] In these patients, PR results in increased health-related quality of life (HRQoL), increased exercise capacity, and decreased dyspnea. 1 Patients with less advanced COPD and fewer symptoms are not routinely offered PR.
It has been suggested that the lack of rehabilitation in patients with COPD and mild symptoms according to mMRC scoring (mMRC 1) may result in less focus on nonpharmacological strategies such as smoking cessation and may result in a faster deterioration in the patients' clinical status due to physical inactivity. 4 By extrapolating known benefits of physical exercise in a healthy population to COPD patients with mild symptoms, it could be assumed that these patients also will benefit from physical activity. 6 In population studies, reduced levels of physical activity in patients with all grades of COPD are associated with higher risk of hospital admissions and increased mortality; but it is difficult to determine whether reduced physical activity was causal or consequential to the deteriorating health status. [7] [8] [9] However, a recent large cluster-randomized trial in a primary care setting by Kruis et al 10 investigated the effects of integrated COPD management (including exercise) in patients with mean MRC levels of 2 and found no significant effects on the quality of life, hospital admissions, and hospital days.
In this systematic review, we used the Grading of Recommendations Assessment, Development and Evaluation (GRADE) Working Group tool to substantiate and formulate a recommendation on PR in less symptomatic patients with COPD (mMRC 1). The study was initiated by the Danish Health and Medicines Authority in the context of a larger project to produce evidence-based national clinical guidelines.
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Methods
Protocol and registration
We did not publish a protocol of prespecified objectives and methods since this review was performed according to standardized methods within the Danish Health and Medicines Authority using GRADE guidelines for the process. 12 Further, the population, intervention, control intervention, as well as critical and important outcomes (PICO) were decided by the working-group members prior to our literature search. 13 
eligibility criteria
Randomized controlled trials (RCTs) that compared the effects of PR with usual care in patients with COPD and mild symptoms according to dyspnea scores, mMRC 1, were considered for inclusion, as were systematic reviews and guidelines based on RCTs. Studies were excluded if they were not RCTs or did not cover the predefined PICO. Our prespecified outcomes were evaluated immediately after PR or at the longest follow-up. The critical outcomes included HRQoL, adverse effects, and mortality, while important outcomes were walking distance (6-minute walk test [6MWT] or shuttle walk test), maximal exercise capacity, muscle strength, and dropout rates. We included manuscripts in English, Danish, Swedish, and Norwegian.
Information sources
Trials were identified searching multiple electronic databases, including Medline, Embase, CINAHL, PsycINFO, G-I-N International, NICE, National Guideline Clearinghouse, Scottish Intercollegiate Guidelines, HTA (The Health Technology Assessment) Database, The Cochrane Library, SBU (Sweden), Socialstyrelsen (Sweden), Helsedirektoratet (Norway), Kunnskapssenteret (Norway), PEDro and OTseeker. The last search was performed on 20 November, 2013.
Search
A research librarian performed the literature search in cooperation with UWI as part of a comprehensive guideline development within the Danish Health and Medicines Authority. First, we performed a broad multidatabase search yielding a total of 2,412 records, followed by a second more specific search for RCTs in Embase and Medline, where 95 records were identified. All records were screened for relevant titles and abstracts, while reference lists of included studies were assessed for further eligible literature (UWI). We searched for guidelines and systematic reviews within the last 10 years, but no specific time restrains were applied to the second search. The specific search strategies are shown in Supplementary materials -Section A.
Study selection
The full texts of relevant guidelines 2, 3 were evaluated by two authors independently using the AGREE II (Appraisal of Guidelines for Research and Evaluation) tool (Supplementary materials -Sections B and C), while eligible systematic reviews were assessed using AMSTAR (A Measurement Tool to Assess Systematic Reviews) (Supplementary materials -Section D). On the basis of the AGREE II and AMSTAR assessments, we determined whether the guidelines and reviews could be used directly or in part (eg, literature, quality assessment, and/or meta-analyses) in our study. The AGREE II assessments were also used for other related PICOs within the Danish guideline. RCTs were included if they met the prespecified PICO criteria and were not already included through guidelines or reviews. Any disagreements between reviewers were resolved through discussion. 
Data collection process
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effectiveness of pulmonary rehabilitation in COPD with mild symptoms (KJJ, UWI) standardized for guideline development within the Danish Health and Medicines Authority, and any disagreements between the authors were solved though discussion. In addition, contact with three corresponding authors of the included RCTs was established (MR) to clarify study design and access additional data. In order to estimate the effect of PR on HRQoL using St George's Respiratory Questionnaire (SGRQ), both directly after the intervention and at the longest follow-up, additional data were provided from Gottlieb et al 14 and van Wetering et al. 15 The SGRQ scale ranges from 0 to 100 units, and changes of 4 are regarded clinically relevant. 16 Additional data regarding the 6MWT were provided by both van Wetering et al 15 and Román et al. 17 Regarding the 6MWT, the minimal clinically important difference is 54 m.
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Risk of bias in individual studies
The risk of bias in each study was assessed using the Cochrane Risk of Bias Tool 19 by two independent authors (KJJ, UWI). Disagreements were solved through discussion.
Summary measures
All outcomes were assessed using random-effects metaanalyses. Effects of dichotomous outcomes were presented using odds ratios (ORs), and continuous outcomes were presented using mean differences if measured on the same scale, while standardized mean differences were used if different scales measuring the same outcome needed to be combined. Review Manager version 5.3 was used for statistical analyses.
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Synthesis of results
An I 2 value of less than 40% was regarded to indicate acceptable heterogeneity. Statistical significance was assessed using 95% confidence intervals (CIs).
Risk of bias for individual outcomes across studies
Two authors (UWI, KJJ) independently evaluated the strength of the evidence for each outcome across studies using the GRADE criteria, and any disagreements were resolved through discussion. If our confidence in the effect measure was downgraded, the reasons were mentioned in footnotes to the "summary of findings" The basis for the assumed risk (eg, the median control group risk across studies) is provided in footnotes.
The corresponding risk (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
b
GRADe working Group grades of evidence: high quality: further research is very unlikely to change our confidence in the estimate of effect; moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate; low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate; very low quality: we are very uncertain about the estimate. 
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Results
Study selection
Two national guidelines, 2,3 one systematic review, 21 and four RCTs 14, 15, 17, 22 were included. Neither the guidelines nor the systematic review reported any overall effect estimates and contributed with reference lists only. Data from the four RCTs were included in our meta-analyses. 14, 15, 17, 22 A flow diagram of the selection process is presented in Figure 1 .
Characteristics of included studies
The four eligible RCTs included a total of 489 participants with mean ages ranging from 61.3 to 74.1 years. Three of the four studies reported a male predominance (Table 2) . 15, 17, 22 The PR exercise programs carried out by the intervention groups varied in duration between 7 weeks 14 and 6 months, 22 frequencies of two to three times weekly, and exercise durations of 30-90 minutes followed by maintenance programs of various lengths.
Breathing techniques, respiratory physiotherapy, and educational programs in physiology and anatomy were additional elements in combination with the exercise training in the four studies. 14, 15, 17, 22 All the four studies were performed in an outpatient setting, but one study also included exercises at home. 15 The control groups received usual care consisting of medical treatment, while one study also offered smoking cessation advice. 15 No differences in baseline characteristics were reported in any of the four studies. The characteristics of the included studies are summarized in detail in Table 2 .
Risk of bias within studies
The allocation concealment was not described in two studies, 15, 22 while one study did not report the randomization process.
14 None of the studies blinded the participants or personnel, as this was impossible due to the intervention. Owing to high dropout rates in three of the studies, ranging from 20.6% to 55.7%, a high risk of attrition bias was estimated (Table 3) . 14, 15, 17 No selective reporting of outcomes or 
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effects of the intervention
A meta-analysis could be performed for four predefined outcomes.
Health-related quality of life
The HRQoL was assessed using SGRQ. Two studies were included, 14, 15 and data from 207 participants were pooled in a meta-analysis evaluating HRQoL directly after the PR and showed a small but statistically and clinically significant improvement of 4.2 units on the SGRQ scale (0-100 points) (95% CI: [-4 .51 to -3.89]) in the PR group, compared with the control group (Figure 3) , and there was no observed heterogeneity (I 2 =0%). Since the participants were not blinded, 14 ,15 the quality of evidence for the short-term evaluation of HRQoL was downgraded to moderate ( Table 1) .
The same two studies 14,15 also provided data from 205 participants on the effects of PR on HRQoL 18-24 months from baseline, and showed no statistically or clinically relevant difference (mean difference: -1.65; 95% CI: [-5 .45 to 2.16]) and an I 2 value of 25% (Figure 4 ). Our confidence in this result was downgraded to very low due to lack of blinding, dropouts, a wide CI, and effect estimates for the individual trials pointing in opposite directions, reflecting inconsistency (Table 1) .
Adverse effects
None of the included studies reported on adverse effects from PR. 14, 15, 17, 22 walking distance 2 =0% ( Figure 5 ). Lack of blinding of the participants led to downgrading of the confidence in our effect estimate to moderate (Table 1 ).
Mortality
Total mortality was reported in the four studies, including 328 randomized participants with 165 and 163 participants in the usual care group and PR group, respectively. 14, 15, 17, 22 Nine events were reported in the PR group, whereas seven events were reported in the control group. No statistically significant difference was found in our analysis, OR =1.35 (Figure 6 ), but the CI was wide due to the small number of events. Accordingly, our confidence in the effect estimate was downgraded to moderate due to imprecision (Table 1) .
Muscle strength
The strength of the quadriceps muscle was assessed in only one study, with 87 and 88 participants in the PR and usual care group, respectively. No significant difference was found. 15 The same study investigated hand grip force and found a statistically significant improvement in the PR group (mean [standard error] change from baseline was 2.9 (1.1) Ib in the PR group, compared to -1.2 (1.2) Ib in the control group, P0.01), suggesting a beneficial effect of PR on hand grip force, although this result was found in only one study. The quality of evidence was downgraded due to the lack of blinding and inclusion of only one study.
Maximal exercise capacity
One study investigated the effects of PR on maximal exercise capacity and stated that PR led to an improvement of 234 seconds in a cycling endurance test (P=0.04), 15 an improvement that was regarded as clinically relevant. 23 The corresponding improvement in the control group was 29 seconds. 15 Lack of blinding and lack of data led to downgrading the quality of the evidence to low.
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Dropouts
The dropouts reported in the four studies varied from 1 to 54, ranging from 0.8% to 55.7% of the randomized participants (Table 3) . 14, 15, 17, 22 
Discussion
Summary of the evidence
The results of the meta-analyses suggested small but statistically and clinically significant improvements of HRQoL in patients with COPD and mild symptoms immediately after participation. However, no long-lasting benefits were found 18-24 months from baseline. Walking distance also improved, but the effect was too small to be considered clinically relevant. In accordance with the GRADE Working Group recommendations, we deemed the overall quality of the evidence to be "very low", reflecting the lowest quality rating of our critical outcomes.
Our findings in relation to other studies
Jácome and Marques 21 presented a systematic review which similarly indicated that PR may be beneficial to patients with COPD and mild symptoms. However, this study differs methodologically from our study, given that the search strategy presented by Jácome and Marques 21 involved four databases and limited search terms, included only one RCT, and did not provide any effect estimates or meta-analyses. The prevalence of COPD in Denmark is among the highest in the world. 24, 25 Therefore, the health-care-related burden of COPD is considerable. The socioeconomic consequences of offering PR to all patients with COPD have, to our knowledge, not been explored, and this was not within the scope of our study. However, we decided on a weak recommendation of routine PR in COPD with mild symptoms for several reasons:
First, we found moderate quality of evidence for both a statistically and clinically significant improvement in HRQoL immediately after the intervention. The HRQoL was assessed using SGRQ, and as we found an improvement of 4.2 units on the SGRQ scale (0-100 points), this was just within what is defined as clinically relevant (4-point improvement). 16 This result was noteworthy since the baseline values for SGRQ were relatively low, suggesting that PR can improve HRQoL in a clinically significant manner in patients with COPD and a relatively preserved health status. However, it is a concern that it was not possible to blind participants when assessing this subjective outcome. In contrast, the aforementioned study of Kruis et al investigated the effects of an integrated COPD management (including exercise) in primary care, but found this intervention to be without effects on the quality of life. The authors state that the low intensity of the exercise training and the unsupervised nature of the program might have contributed to the negative findings, but that they were, nevertheless, representative for a primary care setting. The authors advise the application of more intensive exercise programs for patients with a higher burden of disease since these patients possess greater potential for improvement. 10 On the basis of very low quality of evidence, we could not detect beneficial effects of PR on HRQoL when assessed at the longest follow-up. Thus, the observed initial beneficial effects on HRQoL were lost after 18-24 months even though two of the included studies provided maintenance programs for the participants. 14, 15 This result is in agreement with estimates of the long-term effects of PR when provided to more advanced stages of COPD. 26 Second, no adverse effects with PR were reported in any of the included RCTs, which is in keeping with our clinical experience. 14, 15, 17, 22 Additionally, we found no difference in total mortality between the PR groups and the control groups, which was also in accordance with our expectations. A significant correlation between physical activity levels and a lower mortality was recently described in a systematic review by Gimeno-Santos et al 7 , and a recent longitudinal study based on the general population of Copenhagen indicated that low baseline values of physical activity are associated with increased mortality. 6 Furthermore, determining whether the observed association between physical activity and mortality in the studies was causal or consequential is difficult, and in order to determine the effects of long-term adherence to physical activity on mortality, prospective studies are needed. However, when studying a relatively asymptomatic subgroup of COPD patients, it is difficult to determine the effects of PR on mortality, since the follow-up is relatively short and the number of participants is small. Third, our results suggest that PR slightly improves exercise capacity, indicated by a statistically significant improvement of the 6MWD in patients with COPD and mild symptoms. However, the average improvement of 26 m is well below what is considered the minimal clinically relevant improvement, and it is unknown whether the conventional outcomes for evaluating the impact of PR are applicable to these mostly asymptomatic patients. Thus, whether the effects of PR can be assessed properly using the 6MWD has previously been questioned, 1,27 since a "ceiling effect" has been demonstrated in patients with COPD and mild symptoms, which obviously limits the ability of the test to detect improvements in exercise capacity. 27 The use of cycle endurance testing as another measure of exercise capacity was suggested by Laviolette et al 23 since their study indicated that cycle endurance is more responsive to the improvement of physical capacity after PR than is the 6MWT. Cycle endurance was investigated in only one of the included studies in our review, and thus, not meta-analyzed. However, results from this trial suggested a clinically significant improvement in the PR group. 15 Further, this study was the only one to assess muscle strength, showing that hand grip strength was significantly improved following PR compared to usual care. 15 Finally, although positive effects of PR were found, the overall very low quality of evidence led to a weak recommendation. Therefore, clinicians should assess the need for PR individually according to patients' preferences and clinical manifestations of the disease. We suggest that clinical characteristics such as muscle weakness and inactivity should be taken into consideration when referring patients with less advanced COPD to PR, as we would expect greater individual benefits in these patients than the average improvements seen in our analysis.
Limitations
An important limitation of this study is the high risk of performance bias in the four included studies, in which the lack of blinding of participants and study staff is a recurring issue. 14, 15, 17, 22 Especially regarding SGRQ, the risk of performance bias must be considered, since this outcome is easily affected by a lack of blinding. Three of the studies had a high risk of attrition bias due to large dropout rates, and consequently, incomplete outcome data. 14, 15, 17 Moreover, the high dropout rates reflect a general challenge in PR studies, in which dropout rates vary between 20% and 40% in most studies. 28 In studies of physical exercise, it is very likely that patients with the poorest health status would drop out more frequently in the intervention arm, leading to an effect estimate biased in favor of the intervention, but this would likely not lead to differential attrition. 29 For HRQoL, it must be considered that participants who experience deterioration or no change during the studies are at a higher risk of dropping out, which could also skew results in favor of the intervention.
As with any review, a limitation of this study is the comparability of the intervention, setting, duration of the trial, etc, between the studies. Finally, we did not find sufficient data to produce meta-analyses for muscle strength and the maximal exercise capacity.
Conclusion
On the basis of moderate quality of evidence, we found a small, clinically and statistically significant effect in favor of PR on HRQoL when assessed immediately after the intervention in patients with COPD and mild symptoms. 
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Rugbjerg et al assessed 18-24 months after baseline, no improvement was seen, based on very low quality of evidence.
Further, we found low-to-moderate-quality evidence of improved exercise capacity indicated by increased cycle endurance and 6MWD, but the effect on 6MWD was not regarded as clinically relevant. An overall very low quality of evidence and these moderately positive results on shortterm HRQoL and exercise capacity led to a weak recommendation for the use of routine PR in patients with COPD and mild symptoms.
